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ABSTRACT

Objectives: To investigate the characteristics and prevalence of poststroke depression (PSD) and
poststroke emotional incontinence (PSEI) and the factors related to these conditions at admission
and 3 months after stroke.

Methods: We evaluated 508 consecutive patients with acute ischemic stroke for PSD and PSEI at
admission and 3 months later. PSD was evaluated using the Beck Depression Inventory, and PSEI
was evaluated using Kim’s criteria. Blood samples were collected and genotyped for the promoter
region of the serotonin transporter protein (5-HTTLPR) and the number of tandem repeats within
intron 2 (STin2 VNTR). Perceived social support (the ENRICHD Social Support Inventory) was also
measured.

Results: PSD and PSEI were present in 13.7% and 9.4% of patients, respectively, at admission
and in 17.7% and 11.7%, respectively, at 3 months after stroke. Multivariate analyses showed
that PSD at admission was associated with the NIH Stroke Scale score at admission (p � 0.001),
whereas PSD at 3 months was associated with the presence of microbleeds (p � 0.01) and
perceived low social support (p � 0.001). In contrast, only lesion location (p � 0.022) was associ-
ated with PSEI at admission, whereas modified Rankin Scale score (p � 0.019), STin2 VNTR (p �

0.040), and low social support (p � 0.042) were related to PSEI 3 months after stroke.

Conclusions: Diverse factors such as neurologic dysfunction, lesion location, microbleeds, genetic
traits, and social support are differently related to acute and subacute emotional disturbances.
Strategies to prevent or manage these problems should consider these differences. Neurology®

2012;78:1130–1137

GLOSSARY
DSM-IV � Diagnostic and Statistical Manual of Mental Disorders, 4th edition; mRS � modified Rankin scale; NIHSS � NIH
Stroke Scale; PSD � poststroke depression; PSEI � poststroke emotional incontinence.

Stroke patients often develop emotional disturbances, with poststroke depression (PSD) and
poststroke emotional incontinence (PSEI) being relatively common.1 The social impact of
these emotional changes can be distressing for both patients and their caregivers, negatively
influencing patient quality of life and increasing caregiver burden.2,3

The relationship between PSD and PSEI is complex. Although these 2 emotional distur-
bances are closely related, they are considered different entities because of their associations
with different anatomic locations1 and because many patients with PSEI do not have depres-
sion.1,4 The prevalence of factors related to and the natural course of these emotional dysfunc-
tions remain unclear. The possible roles of neurotransmitter pathways, genetic predisposition,
and social support have yet to be determined. We, therefore, evaluated the characteristics and
prevalence of PSD and PSEI and the factors related to these conditions at admission and 3
months after stroke. Because these emotional disturbances have been shown to be related to
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alterations in the serotonin neurotransmitter
system,5 we evaluated the relationships be-
tween SERT gene polymorphisms and PSD
and PSEI in particular.

METHODS Patients. We evaluated 1,686 consecutive pa-

tients who were admitted to the Asan Medical Center with a

diagnosis of acute stroke between March 2008 and February

2010. Diagnosis was confirmed by correlating CT or MRI find-

ings within 7 days after stroke onset. We excluded patients with

hemorrhagic stroke (n � 188), those with unusual causes such as

dissection, venous infarction, or moyamoya disease (n � 136),

those with TIA without progression to stroke (n � 226), those

with communication problems (decreased consciousness, confu-

sion, aphasia, dementia, or dysarthria) severe enough to preclude

a reliable interview (n � 242), and those with very severe neuro-

logic or medical (such as metastatic cancer) conditions (n � 98).

We also excluded patients who scored �23 on the Mini-Mental

State Examination6 (n � 47), patients diagnosed with depression

or other psychiatric illnesses or treated with selective serotonin

reuptake inhibitors before the onset of stroke (n � 28), patients

who lived alone so that information from relatives was not avail-

able (n � 21), and patients who did not provide written in-

formed consent (n � 192). Thus, 508 patients were finally

enrolled.

Standard protocol approvals, registrations, and patient
consents. An institutional review board at Asan Medical Cen-

ter approved the study. All participants provided written in-

formed consent.

Study design. This is a descriptive, cohort study conducted on

stroke patients at admission and 3 months after stroke.

Procedures. The first interview with each patient was con-

ducted when the patient’s condition became stabilized after the

onset of stroke (mean 4.7 days), thus avoiding any possible ef-

fects of acute neurologic progression on patient’s emotions. To

increase the inter-rater reliability of assessments, 3 formal train-

ing sessions were held before interviews. Subsequently, each rat-

er’s initial interview sessions were supervised at the data

collection site by one of the authors (S.C.-K.), and any disagree-

ments were resolved by discussion. Questions arising during sub-

sequent interviews were brought to a research team meeting to

reach consensus on the appropriate answer. Most interviews were

conducted in the presence of the patient’s relatives, who con-

firmed the responses. When relatives were not present during the

interview (n � 17), patient responses were confirmed by calling

relatives who lived with the patient.

PSD was considered to be present in patients with a Beck

Depression Inventory score �13 or those who met the modified

(omitting criteria on symptom duration of 2 weeks) criteria of

the DSM-IV.1 PSEI was considered to be present in patients who

exhibited excessive or inappropriate laughing or crying, com-

pared with their premorbid state. When both the patient and

relatives who lived with the patient agreed that excessive or inap-

propriate laughing or crying had occurred on at least 2 occasions,

that patient was considered as having PSEI.1

Social support for patients was assessed using the EN-

RICHD Social Support Instrument, consisting of 6 items with

scores of 1 to 5 each plus an item regarding marital status. This

instrument measures structural, instrumental, and emotional

support. Scores range from 8 to 34, with higher scores indicating

greater social support. The Cronbach � (internal consistency)

was 0.80 in this study.7,8

Each patient’s NIH Stroke Scale (NIHSS) score at admission

and neurologic findings were recorded by an experienced stroke

neurologist. The location of each lesion on MRI was analyzed by

one of the authors (J.S.K.) and characterized as anterior cortical

if it was in the anterior cerebral artery territory, the frontal and

parietal areas of the middle cerebral artery, or predominantly in

the temporal lobe of the middle cerebral artery territory; poste-

rior cortical, if it was in the occipital area or medial temporal area

of the posterior cerebral artery territory; internal capsule/corona

radiata/basal ganglia of the lenticulostriate artery territory; thala-

mus; pons, including a few patients with pure midbrain lesions;

medulla; and cerebellum. White matter intensities (leukoarai-

osis) on fluid-attenuated inversion recovery imaging were graded

from 0 to 3 on the Fazekas scale of deep white matter changes,

with scores of 2 and 3 indicating significant leukoaraiosis.9 Mi-

crobleeds were defined as unambiguous homogeneous round le-

sions of signal loss with diameters �5 mm, as determined on

T2*-weighted gradient-echo imaging. Hypointense lesions

within the subarachnoid space and symmetric hypointensities of

the globus pallidus were regarded as pial blood vessels and calci-

fications, respectively.10

Blood samples were collected at admission., and genomic

DNA was isolated using a QIAamp DNA Mini Kit (Qiagen Inc.,

Valencia, CA) to determine genotype according to the standard

procedures, including the frequencies of the 5-HTT gene–linked

functional polymorphic region (5-HTTLPR), S and L alleles in

the promoter region, and the number of tandem repeat polymor-

phisms in intron 2 (STin2 VNTR).11,12

The second patient interview was performed between 3 and

4 months after the onset of stroke, when patients visited the

outpatient clinic for follow-up. Each patient’s score on the mod-

ified Rankin scale (mRS) was recorded by an experienced stroke

neurologist and categorized as severe (3–6) or mild (0–2) for

statistical purposes. The interviewer, interview procedure, and

questionnaire were identical to those during the first interview.

Analysis. Group differences were analyzed using descriptive

statistics, Student t test, and �2 test (SPSS version 11.5). Multi-

ple logistic regression analysis was used to explore relationships

among PSEI/PSD variables.

RESULTS Prevalence of and factors related to PSD
and PSEI. Of the 508 participants enrolled, 469
completed their second interview at 3 months after
stroke. The reasons for loss to follow-up at 3 months
included deteriorations in a patient’s physical (n � 7,
18%) or cognitive (n � 5, 12.8%) condition, refusal
(n � 11, 25.6%), death (n � 5, 12.8%), and reloca-
tion (n � 12, 30.7%). The 469 patients followed up
at 3 months and the 39 lost to follow-up did not
differ significantly, except in mean age (61.6 � 11.5
vs 66.8 � 9.7 years, p � 0.008) and mean NIHSS
score (2.58 � 2.52 vs 3.58 � 3.27, p � 0.02).

PSD was present in 13.7% of patients at admission
and in 17.7% 3 months later. Female gender (p �

0.05), fewer years of education (p � 0.05), motor dys-
function (p � 0.01), sensory dysfunction (p � 0.01),
and high NIHSS score (p � 0.01) were significantly
related to PSD at admission (table 1), whereas fewer
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Table 1 Factors associated with poststroke depression and poststroke emotional incontinence
at admission

Variable

Poststroke depression
Poststroke emotional
incontinence

Present (n � 70) Absent (n � 438) Present (n � 48) Absent (n � 460)

Age, y, mean � SD 64.0 � 9.5 61.8 � 12.7 63.2 � 10.3 62.0 � 12.5

Male, n (%) 35 (50)a 276 (63) 28 (58.3) 283 (61.5)

Education, y, mean � SD 8.5 � 4.9a 10.1 � 4.9 9.2 � 4.8 10.0 � 5.0

Previous stroke: yes, n (%) 17 (24.3) 73 (16.7) 10 (20.8) 80 (17.4)

Lesion location, n (%)

Anterior cortex 16 (22.9) 71 (16.2) 6 (12.5) 81 (17.6)

CR � BG � IC 24 (34.3) 133 (30.4) 21 (43.8)b 136 (29.6)

Thalamus 7 (10.0) 37 (8.4) 2 (4.2) 42 (9.1)

Pons � midbrain 12 (17.1) 66 (15.1) 15 (31.3) 63 (13.7)

Medulla 4 (5.7) 26 (5.9) 0 (0.0) 30 (6.5)

Cerebellum 2 (2.9) 43 (9.8) 1 (2.1) 44 (9.6)

Posterior cortex 5 (7.1) 62 (14.2) 3 (6.3) 64 (13.9)

Laterality, n (%)

Right 37 (52.9) 215 (49.1) 28 (58.3) 224 (48.7)

Left 29 (41.4) 203 (46.3) 18 (37.5) 214 (46.5)

Bilateral 4 (5.7) 20 (4.6) 2 (4.2) 22 (4.8)

Microbleeds: yes, n (%) 24 (34.3) 138 (31.5 22 (45.8)a 140 (30.4)

No. of microbleeds, n (%)

None 46 (65.7) 300 (68.5) 26 (54.2) 320 (69.6)

1–2 12 (17.1) 81 (18.5) 13 (27.1) 80 (17.4)

>3 12 (17.1) 57 (13) 9 (18.8) 60 (13)

White matter change, n (%)

Severe 20 (28.6) 126 (28.8) 11 (22.9) 135 (29.4)

Mild 50 (71.4) 312 (71.2) 37 (77.1) 130 (70.6)

Motor dysfunction at admission: yes, n (%) 51 (72.9)b 215 (49.1) 31 (64.6) 235 (51.1)

Sensory dysfunction at admission: yes, n (%) 43 (61.4)b 137 (31.3) 17 (35.4) 163 (35.4)

NIHSS score at admission, mean � SD 5.8 � 3.5b 3.6 � 3.1 5.0 � 3.5b 3.8 � 3.2

ESSI score, mean � SD 17.5 � 4.3 18.7 � 5.3 17.6 � 4.5 18.6 � 5.2

5-HTTLPR, n (%)

S/S 40 (57.1) 291 (66.4) 34 (70.8) 297 (64.6)

S/L 27 (38.6) 118 (26.9) 10 (20.8) 135 (29.3)

L/L 3 (4.3) 29 (6.6) 4 (8.3) 28 (6.1)

STin2 VNTR, n (%)

12/12 63 (90.0) 363 (82.9) 41 (85.4) 385 (83.7)

12/10 � 10/10 7 (10.0) 75 (17.1) 7 (14.6) 75 (16.3)

MAO-A high activity, n (%)

Male 15 (42.9) 118 (42.8) 9 (32.1) 124 (43.8)

Female 20 (57.1) 96 (59.3) 11 (55) 105 (59.3)

Abbreviations: BG � basal ganglia; CR � corona radiata; ESSI � ENRICHD Social Support Instrument score; F/U � follow-
up; IC � internal capsule; MAO � monoamine oxidase; mRS � modified Rankin Scale.
a p � 0.05.
b p � 0.01.
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Table 2 Factors associated with poststroke depression and poststroke emotional incontinence 3 months
after stroke

Variable

Poststroke depression
Poststroke emotional
incontinence

Present (n � 83) Absent (n � 386) Present (n � 55) Absent (n � 414)

Age, y, mean � SD 63.2 � 11.5 61.4 � 12.7 61.0 � 9.9 61.8 � 12.8

Male, n (%) 44 (53.0) 244 (63.2) 35 (63.6) 253 (61.1)

Education, y, mean � SD 8.8 � 4.9a 10.1 � 5.0 9.8 � 4.8 9.9 � 5.0

Previous stroke: yes, n (%) 13 (15.7) 67 (17.4) 8 (14.5) 72 (17.4)

Lesion location, n (%)

Anterior cortex 14 (16.9) 67 (17.4) 10 (18.2) 71 (17.1)

CR � BG � IC 32 (38.6) 112 (29) 20 (36.4) 124 (30.0)

Thalamus 7 (8.4) 33 (8.5) 3 (5.5) 37 (8.9)

Pons � midbrain 8 (9.6) 63 (16.3) 15 (27.3) 56 (13.5)

Medulla 7 (8.4) 21 (5.4) 2 (3.6) 26 (6.3)

Cerebellum 7 (8.4) 37 (9.6) 1 (1.8) 43 (10.4)

Posterior cortex 8 (9.6) 53 (13.7) 4 (7.3) 57 (13.8)

Laterality, n (%)

Right 45 (54.2) 188 (48.7) 34 (61.8) 199 (48.1)

Left 35 (42.2) 182 (47.2) 20 (36.4) 197 (47.6)

Bilateral 3 (3.6) 16 (4.1) 1 (1.8) 18 (4.3)

Microbleeds: yes, n (%) 34 (41)a 115 (29.8) 18 (32.7) 131 (31.6)

No. of microbleeds, n (%)

None 49 (59.0) 271 (70.2) 37 (67.3) 283 (68.4)

1–2 20 (24.1) 65 (16.8) 9 (16.4) 76 (18.4)

>3 14 (16.9) 50 (13.0) 9 (16.4) 55 (13.3)

White matter change, n (%)

Severe 25 (30.1) 106 (27.4) 11 (20.0) 120 (29.0)

Mild 58 (69.9) 280 (72.6) 44 (80.0) 294 (71.0)

Motor dysfunction at admission: yes, n (%) 60 (72.3)b 183 (47.4) 40 (72.7)b 203 (49)

Sensory dysfunction at admission: yes, n (%) 44 (53.0)b 126 (32.6) 26 (47.3) 144 (34.8)

mRS score at 3 months, n (%)

Severe 17 (20.5)a 21 (5.4) 13 (23.6)b 25 (6.0)

Mild 66 (79.5) 365 (94.6) 42 (76.4) 389 (94.0)

ESSI score, mean � SD 16.1 � 4.8b 18.9 � 5.1 17.0 � 5.3a 18.7 � 5.1

5-HTTLPR, n (%)

S/S 56 (67.5) 247 (64.0) 29 (52.7) 274 (66.2)

S/L 22 (26.5) 115 (29.8) 22 (40.0) 115 (27.8)

L/L 5 (6.0) 24 (6.2) 4 (7.3) 25 (6.0)

STin2 VNTR, n (%)

12/12 71 (85.5) 319 (82.6) 41 (74.5) 349 (84.3)

12/10 � 10/10 12 (14.5) 67 (17.4) 14 (25.4)a 65 (15.7)

MAO-A high activity, n (%)

Male 18 (40.9) 102 (41.8) 10 (28.6) 110 (43.5)

Female 23 (59.0) 81 (57.0) 10 (50.0) 94 (58.4)

Abbreviations: AbBG � basal ganglia; CR � corona radiata; ESSI � ENRICHD Social Support Instrument score; IC � inter-
nal capsule; MAO � monoamine oxidase; mRS � modified Rankin Scale.
a p � 0.05.
b p � 0.01.
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years of education (p � 0.05), the presence of microb-
leeds (p � 0.05), motor and sensory dysfunction at ad-
mission (p � 0.01 each), mRS score (p � 0.05), and
low social support (p � 0.01) were related to PSD 3
months later (table 2). There were no differences in the
distribution of 5-HTTLPR or STin2 VNTR between
the patients with and without PSD, either at admission
or after 3 months (tables 1 and 2).

PSEI was present in 9.4% of patients at admission
and in 11.7% 3 months later. We found that lesion
location (p � 0.01), the presence of microbleeds
(p � 0.05), and NIHSS score (p � 0.05) at admis-
sion were related to PSEI at admission (table 1),
whereas lesion location (p � 0.05), motor dysfunc-
tion at admission (p � 0.001), mRS score (p �
0.001), and low social support (p � 0.05) were re-
lated to PSEI 3 months after stroke (table 2). Geno-
type frequencies of the STin2 VNTR polymorphism
differed significantly 3 months after stroke between
patients with and without PSEI (table 2), with the
STin2 10/10 and 12/10 genotypes being more com-
mon among patients with PSEI. There were no dif-
ferences, however, in the distribution of 5-HTTLPR
between patients with and without PSEI at admis-
sion and 3 months after stroke.

PSD was significantly correlated with PSEI, both
at admission and after 3 months (p � 0.01 each). Of
the patients with PSD at admission, 20 (28.6%) had
PSEI at admission and 24 (28.9%) had PSEI 3
months later. Among the patients with PSEI at ad-
mission, 20 (41.7%) had PSD at admission and 24
(43.6%) had PSD 3 months after stroke.

Our multivariate logistic regression analysis in-
cluded age, gender, and factors significant in univar-
iate analysis (p � 0.05) (table 3). NIHSS score at
admission and mRS score at 3 months were included
in place of individual neurologic deficits because of
their overlap with general neurologic deficits. We
found that NIHSS score (p � 0.001) was indepen-
dently associated with PSD at admission, whereas the
presence of microbleeds (p � 0.009) and lack of so-
cial support (p � 0.001) were independently related
to PSD 3 months later. Lesion location (p � 0.022)
was the only independent factor associated with
PSEI at admission, whereas mRS score (p � 0.019),
STin2 VNTR (p � 0.040), and low social support
(p � 0.042) were independently associated with
PSEI at 3 months after stroke.

Changes in PSD and PSEI over time. Of the 70 pa-
tients who developed PSD during the acute stage of
stroke, 40 had recovered and 26 still had PSD after 3
months. In comparison, 57 patients without PSD
at admission had developed PSD at 3 months. We
found that a low NIHSS score at admission (p �
0.051) was marginally related to recovery from
PSD, whereas low social support was related to the
development of PSD 3 months after stroke (p �
0.012). Of the 48 patients who developed PSEI
during the acute stage of stroke, 24 had recovered,
and 15 still had PSEI after 3 months, whereas 40
patients without PSEI at admission had developed
PSEI at 3 months. We found that mRS score (p �
0.012) and STin2 VNTR (p � 0.03) were signifi-

Table 3 Factors associated with poststroke depression and poststroke
emotional incontinence on multiple logistic regression analysis

Variable B SE p Value Exp (B)

PSD_Adm

Gender: female 0.376 0.300 0.210 1.456

Age, y � SD 0.005 0.013 0.693 1.005

Education, y � SD �0.035 0.033 0.289 0.966

NIHSS score at Adm � SD 0.178 0.039 0.000 1.195

Constant �2.801 1.062 0.008 0.061

PSD_F/U at 3 months

Gender: female 0.105 0.370 0.777 1.111

Age, y � SD �0.009 0.015 0.548 0.991

Education, y � SD 0.017 0.040 0.676 1.017

Microbleeds: yes 0.900 0.346 0.009 2.459

Severe mRS score 0.923 0.595 0.121 2.518

ESSI score � SD �0.121 0.035 0.001 0.886

Constant 0.286 1.301 0.826 1.331

PSEI_Adm

Gender: female 0.145 0.328 0.659 1.156

Age, y � SD 0.000 0.014 0.982 1.000

Lesion location

Anterior cortex 0.417 0.732 0.569 1.517

CR � BG � IC 1.058 0.645 0.101 2.882

Thalamus �0.076 0.949 0.936 0.927

Pons � midbrain 1.518 0.662 0.022 4.563

Medulla �0.542 1.180 0.646 0.581

Cerebellum �18.145 7281.815 0.998 0.000

Posterior cortex 0.059

Microbleeds: yes 0.577 0.324 0.075 1.782

NIHSS score at Adm � SD 0.085 0.045 0.062 1.089

Constant �3.613 1.063 0.001 0.027

PSEI_F/U at 3 mo

Gender: female �0.380 0.380 0.317 0.684

Age, y � SD �0.024 0.014 0.084 0.976

Severe mRS score 1.415 0.602 0.019 4.118

ESSI, score � SD �0.072 0.036 0.042 0.930

STin2 VNTR 12/10 � 10/10 0.804 0.392 0.040 2.235

Constant 0.538 1.148 0.639 1.713

Abbreviations: Adm � admission; BG � basal ganglia; CR � corona radiata; ESSI � EN-
RICHD Social Support Instrument score; F/U � follow-up; IC � internal capsule; mRS �

modified Rankin Scale; NIHSS � NIH Stroke Scale; PSD � poststroke depression;
PSEI � poststroke emotional incontinence.
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cantly related to the new development of PSEI at 3
months.

Relationship between PSD/PSEI and functional out-
comes. To determine whether the presence of PSEI and
PSD at admission could predict functional outcomes at
3 months, we analyzed the correlation between these
emotional disturbances at admission and mRS score at
3 months. We found that poorer mRS score at 3
months was significantly associated with the presence of
PSD and PSEI at admission (p � 0.01 each).

DISCUSSION In this study, we investigated PSD
and PSEI in both the acute and subacute stage and
comprehensively evaluated the neurologic, socioenvi-
ronmental, and genetic factors related to these emo-
tional disturbances.

Of our patients, 13.7% and 9.4% had PSD and
PSEI, respectively, at admission, with 17.7% and
11.7%, respectively, having these emotional distur-
bances after 3 months. We found that some patients
spontaneously recover from PSD and PSEI, whereas
others newly develop these symptoms at 3 months.
Moreover, factors related to PSD and PSEI differed
according to the timing of assessment. These find-
ings illustrate the fact that emotional symptoms after
stroke may be caused by multiple factors, including
lesion location, genetic predisposition, and change-
able items such as functional deficits and social/
environmental situation. When we further analyzed
the factors related to the recovery or new occurrence
of PSD and PSEI after 3 months, we found that the
lack of social support and NIHSS score at admission
were associated with the development of PSD at 3
months, whereas mRS score and STin2 VNTR
10/10 genotypes were associated with the develop-
ment of PSEI at 3 months.

Not surprisingly, we found that PSEI and PSD
were closely associated, both at admission and after 3
months. However, the factors related to each type of
emotional disturbance at different times differed.
During the acute stage, overall neurologic dysfunc-
tion, as assessed by NIHSS score, was closely associ-
ated with PSD, whereas only lesion location was
independently related to PSEI. In agreement with
previous findings,1 locations closely related to PSEI
were the basal ganglia/internal capsule and the pons,
which contain abundant serotonergic fibers. These ob-
servations suggest that, at least during the acute stage of
stroke, PSD is closely associated with the severity of
neurologic dysfunction, whereas PSEI is more closely
related to neurochemical changes associated with dam-
age to specific brain regions. Our data are in agreement
with a recent PET study, in which the brain of patients
with poststroke pathologic crying had low baseline sero-
tonin binding potentials.13

We also found that polymorphisms in the sero-
tonin gene, the STin2 10/10 genotypes, were inde-
pendently related to PSEI at 3 months after stroke.
Although an association was reported between the
STin2.10 allele and anxiety-related traits (neuroti-
cism and harm avoidance) in a healthy Russian pop-
ulation,14 our data highlight a relationship between
PSEI and serotonin gene polymorphism in stroke pa-
tients. The reason that STin2 polymorphisms are re-
lated to PSEI at 3 months but not during the acute
stage remains unclear. Perhaps genetic traits may play
a more important role during the subacute than the
acute stage, when patients are likely to be emotion-
ally triggered by confrontation with the surrounding
environment (gene-environment interaction).15 Our
results therefore suggest that, in addition to damaged
serotonergic neuronal fibers, genetic traits in individ-
ual patients are involved in the development of PSEI.

However, serotonin gene polymorphism was not
related to PSD in our result, a finding at odds with
previous studies reporting positive relationships be-
tween PSD and the 5-HTTLPR S/S and STin2
VNTR 9/12 genotypes.12,15,16 This discrepancy may
have been due to differences in inclusion criteria,
sample size, or criteria for PSD or ethnicity-
associated differences in the distribution of
5-HTTLPR gene variants.16 However, our results
could not completely exclude the possibility of an
association between 5-HTTLPR and PSD, because
we did not evaluate the functional single nucleotide
polymorphism in the promoter region rs25531 of
the lower expressing allele (LG) which, together with
another lower expressing allele (SA), has been re-
ported to be related to PSD.15

Markers of small vessel diseases, such as leukoarai-
osis and microbleeds, have been shown to be associ-
ated with cognitive decline17 and possibly with
depression.18 Although we observed no association be-
tween leukoaraiosis and either PSD or PSEI, microb-
leeds were associated with PSD at 3 months. These
findings are in partial agreement with those of recent
Chinese studies, which reported that microbleeds were
associated with both PSD and PSEI 3 months after
stroke.19,20 Therefore, microbleeds seem to affect post-
stroke emotional disturbances more than white matter
ischemic changes. Further studies are needed to more
clearly elucidate the relationship between small vessel
diseases and emotional disturbances.

There were certain factors shared by PSD and
PSEI. For example, a lack of social support was asso-
ciated with both PSD and PSEI after 3 months, sug-
gesting that psychosocial-behavioral intervention
may reduce emotional disturbances during the sub-
acute stage of stroke.21 In addition, a high NIHSS
score at admission was related to PSD and severe
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mRS score at 3 months to PSEI, suggesting that
physical dysfunction is related to both PSD and
PSEI. Finally, we found that PSD and PSEI at ad-
mission were both closely related to poorer mRS
score at 3 months, a finding in agreement with the
previous result that PSD at admission had a negative
effect on patient recovery.22 Thus, the relationships
between emotional disturbances and functional out-
comes may be bidirectional.

Our study has limitations. The prevalence of PSD
and PSEI was generally lower than that in previous
studies.23,24 We excluded patients with severe neuro-
logic conditions, aphasia, and cognitive impairment
and those who lived alone. In addition, the 42 pa-
tients who dropped out of the study before 3 months
were older and had more severe neurologic dysfunc-
tion at admission, suggesting that occurrence of emo-
tional disturbances may have been underestimated.
Our prevalence results, therefore, may not be gener-
alizable, and interpretation of data should be made
cautiously. Nevertheless, our data show that diverse
factors such as neurologic dysfunction, lesion loca-
tion, genetic traits, and social support are differently
related to acute and subacute emotional distur-
bances. Further studies are needed to confirm our
preliminary results and to find appropriate strategies
to prevent or manage these important problems in
stroke patients.
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